Introduction {#S0001}
============

Spinal anaesthesia is preferred to general anaesthesia in the obstetric patient group for reasons such as the rapid onset, rapid recovery and few side-effects of the drug.[@CIT0001] However, postdural punction headache (PDPH), which is a major complication of spinal anaesthesia, is encountered more in the obstetric patient group than in the general population, because of the widespread use of neuraxial blocks in these young females.[@CIT0002]

August Bier, who was one of the pioneers of spinal anaesthesia applications, suggested from the first experience of spinal anaesthesia in 1899 that postdural headache could originate from the loss of cerebral spinal fluid (CSF).[@CIT0003] Although the mechanism of PDPH is not fully known, it is thought to result from a reduction in CSF pressure because of CSF leakage from the dural punction region to the epidural space.[@CIT0004] As a result of reduced pressure, CSF moves downwards towards the cisterna magna. Headache develops as a consequence of contraction of the meninges of pain-sensitive tissues, especially in the basal dura.[@CIT0005],[@CIT0006] Another mechanism is explained as contractions in the cerebral vessels.

A sudden reduction in CSF pressure causes vasodilation in the cerebral vessels in order to stabilise the intracranial volume. This is similar to the pathophysiology of vascular headaches. The use of vasoconstrictor agents such as theophylline and caffeine in PDPH treatment supports this pathophysiological state.[@CIT0007] Whatever the daily rate of CSF production, when the amount of CSF leaking to the peridural compartment exceeds this, even this small amount is seen to be sufficient to affect the sensitive balance between CSF resorption and production.

PDPH is typically in the form of a frontal, occipital or retro-orbital headache that starts 12--72 hrs after the dural punction and increases when standing and decreases when lying down and resting.[@CIT0008]--[@CIT0010]

The size of the dural defect, the structure of the longitudinal dural fibres, and the thickness of the dura in the procedure region are directly related to the amount of CSF leakage, which is also associated with the diameter and design of the spinal needle used.[@CIT0011] In several comparative studies, the effects of the diameter and design of the spinal needle on the development of PDPH have been investigated.[@CIT0012],[@CIT0013]

There are also studies in the literature that have investigated the relationship between the incidence of PDPH and the entry plane (parallel or transverse to the dural fibres) of the spinal needle.[@CIT0005] In a cadaver study, the dura were examined with electron microscope after dural punction made in different planes, and the dimensions of the dural defects were reported to be different.[@CIT0014],[@CIT0015]

From the starting point of cadaver studies, this study was designed, unlike previous clinical studies, with the aim of investigating whether dural punction made with the spinal needle in 3 differently angled orientations had any effect on the development of PDPH.

Materials And Methods {#S0002}
=====================

Approval for this prospective study was granted by the Ethics Committee of Health Sciences University Diyarbakir Gazi Yaşargil Training and Research Hospital (decision no: 223, dated: 08.02.2019). All procedures in the study were applied in accordance with the 2008 criteria of the Helsinki Declaration.

The study included 300 patients, aged 18--45 years, with American Society of Anaesthesiologists (ASA) score I-II, who were planned to undergo elective caesarean section operation.

Patients were excluded from the study if they were aged \<18 years or \>45 years, were morbidly obese (BMI \>35), had a history of chronic headache or spinal headache, had a vertebral deformity, had any contra-indication for spinal anaesthesia or did not accept spinal anaesthesia.

Before the surgical procedure, all the patients were evaluated by an experienced anaesthetist in the Anaesthesia Polyclinic. Patients were informed about the procedure to be applied and written informed consent was provided by all study participants. The patients were given information about PDPH characteristic features and it was explained in detail what they should do when a headache developed. All the patients were given a contact telephone number for a researcher.

The patients were admitted for surgery after a fasting period of minimum 8 hrs. No premedication was administered. Routine monitorisation was applied to non-invasive arterial blood pressure, electrocardiogram, and oxygen saturation. An 18--20 G peripheral venous route was opened and throughout the procedure, saline was administered at the rate of 10mL/kg/hour. Before the application of spinal anaesthesia, the patient was moved into a sitting position, then the procedure area was cleaned under sterile conditions and sterile draped. The midline L4-5 intervertebral space was identified. A 26G Quincke spinal needle (Egemen, Turkey) was used for the application of spinal anaesthesia in all cases.

The patients were separated into 3 groups according to the direction of entry of the spinal needle to the longitudinal fibres of the dural sac. The spinal needle reached the subarachnoid area by transversely passing the dural fibres with the sharp tip facing the cephalic direction in Group 1 ([Figure 1](#F0001){ref-type="fig"}), by passing parallel to the dural fibres on the left or right laterally, in Group 2 ([Figure 2](#F0002){ref-type="fig"}), and by transversely passing the dural fibres with the tip facing caudally in Group 3 ([Figure 3](#F0003){ref-type="fig"}). In [Figure 4](#F0004){ref-type="fig"}, cross-sectional images of the dura mater are shown, obtained as a result of piercing the dura mater taken from bovine dura in 3 directions with a 16G angiocatheter needle.

To patients in all 3 groups, the needle was entered and passed the skin, subcutaneous tissues, supraspinal ligament, interspinous ligament, ligamentum flavum and dura mater, respectively. When free CSF flow was observed, the needle angle was manoeuvred cephalically in Groups 2 and 3. To all patients, 10--12 mg heavy bupivacaine (Marcaine™ 0.5% Ampoule; Astra Zeneca, Istanbul, Turkey) was administered at the rate of 0.1mL/sec. After the application of spinal anaesthesia, the patients were positioned supine. The sensorial block level was evaluated with a 20G hypodermic needle and the motor block level was evaluated with the Bromage scale.

Bromage scale: 0 = no paralysis. The patient can move the foot and knee into full flexion.1 = only the knee and foot can be moved. The leg cannot be raised straight.2 = the knee cannot be bent. Only the foot can be moved.3 = the foot and toes cannot be moved. Classified as total paralysis.

Surgery was started when the motor and sensorial block levels reached T4--T6. Patients applied with spinal anaesthesia and observed to have failure of spinal block were excluded from the study and the same number of new patients were included.

Following the application of spinal anaesthesia, a record was made for each patient of age, body mass index (BMI), number of attempts, number of previous spinal anaesthesia experiences of the patient, and intraoperative complications.

Throughout the operation, non-invasive blood pressure measurements were taken at 3-min intervals. Hypotension was evaluated as systolic blood pressure \<95 mmHg or a drop of \>30% of the initial value. In these cases, 5--10 mg intravenous ephedrine was applied and intravenous fluid infusion was continued with increases of 20mL/kg. Bradycardia was evaluated as heart rate \<45 bpm, and in such cases, 0.015 mg/kg intravenous atropine was administered.

When the operation was completed, the patients were transferred to the Postoperative Anaesthesia Care Unit (PACU), were monitored and when recovery was completed, were transferred to the ward. Postoperative analgesia was administered as 1 g paracetamol at 8 hr intervals. At 24 and 48 hrs postoperatively, the patients were visited on the ward, and on days 3 and 5 after discharge, they were called by telephone and asked about PDPH. Patients with headache were evaluated according to the International Headache Society (IHS) criteria (16). According to the IHS, PDPH diagnosis is made when a headache worsens within 15 mins of standing and improves within 15 mins of lying supine, together with at least one of the following symptoms (17): Neck stiffnessRinging in the earsOver-sensitivity to noisePhotophobiaNauseaEmergence of the headache in the first 5 days after dural punctionRecovery of the headache (a) spontaneously within 1 week or (b) within 48 hrs of epidural blood patch.

Patients who described a headache but did not meet the defined criteria were evaluated as non-specific headache and were excluded from the study.

Patients with severe headache related to PDPH were recalled to hospital and treated. The time of onset of headache was recorded, together with the medical treatment applied, interventional treatments applied, and whether or not back pain developed.

Statistical Evaluation {#S0003}
======================

Data obtained in the study were analysed statistically using SPSS for Windows vn 16.0 software. Following power analysis made with Type 1 error 0.5% and 80% power, it was determined that it was necessary to have a minimum of 74 patients in each group. Numerical data were stated as mean±standard deviation values and categorical values as number (n) and percentage (%). In the comparisons of categorical data, the Chi-square test was applied. Conformity of non-categorical data to normal distribution was assessed with the Kolmogorov--Smirnov test. In the comparisons of numerical data, the one-way ANOVA test was applied. A value of p\<0.05 was accepted as statistically significant.

Results {#S0004}
=======

The study included 300 patients with ASA I-II who underwent elective caesarean section operation under spinal anaesthesia. The mean age of the patients was 30.4±5.06 years and mean BMI was 28.62±3.26. PDPH developed in 25 (8.3%) patients and back pain in 81 (27%). The demographic data and clinical characteristics of the patients are shown in [Table 1](#T0001){ref-type="table"}.Table 1Demographic Data And Clinical Characteristics Of The PatientsMean±SD**Age (years)**30.34±5.06**BMI**28.62±3.26**n%PDPH** Present258.3 Absent27591.7**Time Of Onset Of PDPH** 12--24 hrs1664 24--48 hrs624 48--72 hrs312**No. Of Previous Spinal Anaesthesia Applications** 06220.7 18127 29431.3 35719 462**No. Of Attempts** 128494.7 2165.3**Medical Treatment Applied** No drugs312 Paracetamol312 Paracetamol + Caffeine832 Paracetamol + Tramadol28 Dikloron28 Paracetamol + Caffeine + Codeine728**Presentation At Pain Clinic** Yes28 No2392**Back Pain** Yes8127 No21973[^1]

The onset of PDPH was observed to be within the first 24 hrs in 64%, at 24--48 hrs in 24% and at 48--72 hrs in 12% ([Table 1](#T0001){ref-type="table"}).

When the patients with PDPH were evaluated in respect of medical treatment, no medical treatment was applied to 12%, and the complaints recovered with rest and hydration. Paracetamol was administered to 12%, paracetamol + caffeine to 32%, paracetamol +tramadol to 8%, diclofenac to 8% and paracetamol+caffeine+codeine to 28% ([Table 1](#T0001){ref-type="table"}). Of the patients with PDPH, 8% presented at the pain clinic but epidural blood patch was not applied to any patient ([Table 1](#T0001){ref-type="table"}).

No statistically significant difference was determined between the groups in respect of age, BMI, and number of punction attempts (p:0.98, p:0.34, p:0.63, respectively) ([Table 2](#T0002){ref-type="table"}).Table 2Comparisons Of Age, BMI, And Number Of Attempts Between The GroupsGroup 1 (n:100) Mean±SDGroup 2 (n:100) Mean±SDGroup 3 (n:100) Mean±SD*P*Age (years)30.29±4.8430.42±5.0430.33±5.320.98BMI28.56±3.5728.39±3.3829.06±3.150.34No of attempts1.04±0.191.05±0.211.07±0.250.63[^2]

The frequency of PDPH development was determined as 14% in Group 1, 8% in Group 2, and 3% in Group 3. The difference between the groups was determined to be statistically significant (p:0.019). The frequency of PDPH development was determined to be statistically significantly lower in Group 3 than in Groups 1 and 2 ([Table 3](#T0003){ref-type="table"}).Table 3Comparisons Of The Groups In Respect Of The Development Of PDPH And Back PainGroup 1 (n:100)Group 2 (n:100)Group 3 (n:100)*P***PDPH0.019** Present1483 Absent8692100**Back Pain**0.345 Present263223 Absent746877[^3]

The frequency of back pain was determined as 26% in Group 1, 32% in Group 2, and 23% in Group 3. No statistically significant difference was determined between the groups (p:0.345) ([Table 3](#T0003){ref-type="table"}).

Discussion {#S0005}
==========

There are studies in the literature that have compared dura punction in parallel and transverse planes in respect of PDPH development, but there has been no study conducted on dura punction applied in the transverse plane with the spinal needle angled caudally (reverse transverse). In the current study, reporting reverse transverse punction for the first time, the PDPH incidence in the reverse transverse punction group was found to be statistically significantly lower than that of the other groups (p\<0.005).

A series of factors are associated with the risk of PDPH development. The incidence of PDPH can vary according to the population studied, patient position, the plane in which the needle punctures the dura, and the diameter and type of tip of the needle used. Studies related to the relationship of PDPH and the form of puncture of the dura have been conducted since 1954, and this continues to be a matter of debate.[@CIT0017],[@CIT0018]

In previous studies of spinal anaesthesia, the PDPH rate has been reported as 9.6% by Kang et al, 22.9% by De Andres et al, and 6.5% by Akdemir et al.[@CIT0019]--[@CIT0021] In the current study, the PDPH rate was found to be 8.3%, which was consistent with findings in the literature.

When the relationship between needle diameter and PDPH incidence has been examined in the literature, it has been observed that as the needle diameter decreased so the dural defect decreased and indirectly the amount of leaking CSF.[@CIT0022]

In a meta-analysis that compared sitting and lateral decubitus positions in spinal anaesthesia, the PDPH incidence was statistically significantly lower in the lateral decubitus position, and it was concluded that there was no statistically significant difference in respect of the number of entries and successful spinal anaesthesia. Andres Zorilla-Vaca et al explained the lesser development of PDPH in the lateral decubitus position by the difference in CSF pressures in the sitting and lateral decubitus positions.[@CIT0023] While CSF pressure is 40 cm H~2~O in the sitting position, this pressure falls to 5--20cm H~2~O in the lateral position.[@CIT0024],[@CIT0025] Hypothetically, this high pressure is related to a larger puncture and longer leakage at a higher pressure. Greater downward movement of the brain and meninges emerges earlier in the sitting position and results in more symptoms. This downward movement does not occur in the lateral decubitus position, so there is a lower risk of PDPH development.[@CIT0026]

In studies that have compared parallel or transverse puncture of the dural fibres in obstetric patients in respect of the development of PDPH, the incidence of PDPH has been shown to be lower in patients applied with parallel dura punction.[@CIT0027],[@CIT0028] In a meta-analysis by Richman et al, PDPH incidence in non-obstetric patients was reported as 10.9% in the parallel group and 25.8% in the transverse group. The result in this meta-analysis showed a statistically significant decrease in PDPH when punction was applied with a spinal needle oriented parallel to the long axis of the spine compared to transverse orientation.[@CIT0029] Ready LB et al reported greater CSF leakage in the group where the dura fibres were entered transversely compared to the parallel entry group.[@CIT0030] In the ongoing discussions, the findings of the current study support that the entry direction of the needle during lumbar dural punction and patient position could have significant effects on the incidence of PDPH.

In the current study, overall PDPH incidence was determined as 8.3% (n:25/300). When examined on the group basis, PDPH incidence was 14% in Group 1, 8% in Group 2, and 3% in Group 3. There can be considered to be several mechanisms effective in the lower incidence in Group 3.

The significantly low incidence of PDPH determined in Group 3 (reverse transverse) of the current study compared to the other groups, could be attributed to the development of a dural defect shape that is easier to close with the arachnoid membrane. When within-group evaluations were made, another reason for the statistically significant difference in Group 3 could be that the closure mechanism formed associated with the different puncture form of the dura mater and arachnoid could reduce the amount of CSF leakage. That the PDPH incidence has been found to be lower in spinal anaesthesia made with a parallel approach supports the explanation of a thin cover mechanism.[@CIT0031],[@CIT0032]

The low incidence of PDPH in cases where puncture with the spinal needle was made parallel to the dura mater supports the hypothesis that this could be related to separation rather than cutting the dural fibres by the needle in parallel punction, associated with the longitudinal extension of the dural fibres. However, this has been shown not to be the case in the results of light and electron microscope studies in the last 10 years. The concept of longitudinal dura fibre orientation, which was traditionally accepted, has been rejected, and it has been shown that the dural structure is a multi-layered different configuration.[@CIT0033],[@CIT0034] The dura mater is a laminated structure formed of approximately 80 concentric layers including both collagen and elastic fibres parallel to the surface, and it is now known that the fibres in the innermost layers do not show a specific orientation but are oriented in different directions.[@CIT0035],[@CIT0036]

Some researchers have stated that the size of the dural defect formed by the spinal needle and the speed of closure of this defect are the most important factors affecting PDPH incidence and have emphasized that prolapse of the arachnoid membrane towards the exterior has an effective role in the closure of the dural defect.[@CIT0028] In a study by Cruickshank et al which evaluated the rate of CSF leakage, there was no significant difference between parallel and transverse groups and the rate of CSF leakage was reported to be related to the needle diameter.[@CIT0037]

In our study, we think that CSF leakage rate and amount from the dural defect caused by reverse transverse access create a difference from other plane defects and cause lower incidence of PDPH due to less leakage. To clarify this situation, electron microscopy studies that require advanced technology are needed.

When making the dural punction with a Quincke spinal needle, as used in the current study, the rough parts formed on the edges of the dural defect show a tendency to fold inwards after cutting all the dural and arachnoid layers and the lesion edges moving away from the needle tip. When withdrawing the spinal needle, the inwardly folded lesion in the dura tends to retract because of the visco-elastic property of the dura and thus returns to its previous form.[@CIT0014]

In conclusion, caudal orientation of the needle during entry when applying spinal anaesthesia to an obstetric patient group can be considered to be a method that will reduce the incidence of PDPH. However, there is a need for further clinical and cadaver electron and light microscope studies to clarify and confirm these results.

Limitations {#S0006}
===========

Limitations of the study could be said to be that factors reducing PDPH incidence such as postoperative bedrest, and perioperative caffeine and fluid intake were not recorded. In addition, there was no recording of factors that increase the incidence of PDPH, such as psychiatric comorbidity, the time that the spinal needle remains in the intervertebral space, the number of interventions and a history of headaches. In addition, we could not use this method because the electron microscope was not in our hospital. In order to support our study, studies with more patients and supported by electron microscopy are needed. Figure 1Transverse passage of the dural fibres with the tip of the spinal needle facing the cephalic direction.Figure 2Parallel passage of the dural fibres with the tip of the spinal needle facing laterally.Figure 3Transverse passage of the dural fibres with the tip of the spinal needle facing the caudal direction.Figure 4Image of bovine dura mater punctured in each of the 3 directions (**A**) Parallel passage of the dural fibres with the tip of the spinal needle facing laterally. (**B**) Transverse passage of the dural fibres with the tip of the spinal needle facing the caudal direction. **(C**) Transverse passage of the dural fibres with the tip of the spinal needle facing the cephalic direction. (**D**) Materials used. 16 gauge angiocath, bovine stop and collet.
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[^1]: **Abbreviations:** Mean±SD, mean±standard deviation; BMI, body mass index; PDPH, postdural puncture headache.

[^2]: **Abbreviations:** Mean±SD, mean±standard deviation; BMI, body mass index.

[^3]: **Notes:** The frequency of PDPH development was determined to be statistically significantly lower in Group 3 than in Groups 1 and 2. p \<0.05 PDPH was significantly lower in Group 3 compared to Group1 and Group2 (bold value).

    **Abbreviation:** PDPH, postdural puncture headache.
